A concern when estimating the effect of health on labour supply is that health might be endogenous, and in particular that people might use poor health to justify nonparticipation. This would result in the effect of health being overestimated if health were treated as exogenous. The paper employs a simultaneous equation model to explore the relationship between health and labour force status, allowing for the endogeneity of health. In addition, the paper takes advantage of panel data to control for unobserved heterogeneity so that more efficient estimation results can be obtained than using cross-sectional data. The results confirm the finding in the literature that health has a positive and significant effect on labour force participation for both males and females. As for the reverse effect, it is found that labour force participation has a negative effect on male health but a positive effect on female health, implying that the justification hypothesis is rejected for males but not for females. The exogeneity hypothesis on the health variable is rejected for both samples based on a joint test.
Introduction
Health is often regarded as an important factor in individuals' labour supply decision, not only because health is a form of human capital, valued by both employers and employees (Becker, 1964; Grossman, 1972) , but also because individuals' preferences between work and leisure may change following a health shock. For example, a deterioration of health may lead a person to value leisure more. In addition, changes in health may change the time horizon over which labour supply decisions are made because life expectancy is determined by health (Chiricos, 1993) . As a result, the impact of health on labour supply has been under extensive examination particularly in industrialized countries (see, for example, Currie and Madrian (1999) for an extensive review of the US literature).
However, a common concern in the literature is that health may be endogenous to labour supply. For example, employment or long working hours may have adverse impacts on an individual's health, or individuals may use health conditions to justify their labour force status. If this is the case, and health is treated as an exogenous variable in labour supply models, the estimated effect of health is likely to be biased.
In addition, the endogeneity of health to labour supply may result from both simultaneity and unobserved heterogeneity, suggesting a simultaneous equation model is required to obtain efficient estimates of the impact of health on labour supply.
There are a few published studies that employ simultaneous equation models to examine the relationship between health and labour supply, but they use crosssectional data (e.g., Stern, 1989; Cai and Kalb, 2006) . 1 Two studies that use panel data to estimate the effect of health on labour force status are Sickles and Taubman (1986) and Cai and Kalb (2005) , who use a recursive model in which health is allowed to affect labour force status, but the reverse effect of labour force status on health is assumed to be zero.
This paper contributes to the literature by estimating a panel data simultaneous equation model to examine the relationship between health and labour force status and 1 When the self-reported health variable takes a polychotomous form, Stern (1989) uses the two-stage method to estimate the simultaneous equation model. Only when the health variable takes a dichotomous form, Stern estimates the model using the full-information maximum likelihood (FIML) method. In Cai and Kalb (2006) study, the health variable takes the polychotomous form and they use the FIML method to estimate the model, while two-stage estimation is carried out for comparison. When using the two-stage estimation method, a true test for exogeneity of health cannot to be conducted.
test the hypothesis of exogeneity of health. Using a simultaneous equation model, the reverse effect of labour force status on health can be examined. The use of panel data allows unobserved heterogeneity to be better controlled for than could be achieved using cross-sectional data.
The paper is organized as follows: Section 2 discusses the endogeneity issues of the health variable to labour supply. Section 3 describes the statistical model and estimation strategies. Section 4 describes the data and model specifications. Section 5 presents the estimation results and Section 6 concludes.
Endogeneity of health
Although health is partly predetermined as an endowment at birth, health is not exogenous to individuals' labour market behaviour, particularly over one's lifetime.
Like other forms of human capital, people can make investments into health to improve or reduce depreciation of health capital. 2 Because this investment requires resources, such as time for recreation or exercise and income for health care services, health is endogenous in the sense that people have to make choices in health capital production jointly with labour supply and other consumption (Grossman, 1972) . In addition, labour market activity may have a direct impact on individuals' health. For example, boredom or general lack of activity in non-participation may lead to a deterioration of health (Stern, 1989; Sickles and Taubman, 1986 ). Alternatively, it is possible that stress associated with employment and work pressure leads to health deterioration; or, some jobs may have bad working conditions and be detrimental to health. These arguments suggest that labour force status could also affect health, although the direction of the impact can only be determined empirically. The potential reverse effect of current labour force status on health introduces a simultaneity bias to the effect of health if health is treated as exogenous in labour supply models.
The endogeneity of health described above could be estimated if we could measure health accurately. However, often an individual's health cannot be measured precisely, and in most of the survey data only self-reported health measures are available.
Although there is a large literature showing that self-reported health is a strong and independent predicator of mortality and morbidity (Idler and Kasl, 1995; McCallum et al., 1994; Connelly et al., 1989; Okun et al., 1984; Lundberg and Manderbacka, 1996) , there remains a concern over the use of self-reported health measures in labour supply models. This is because self-reported health may introduce another source of endogeneity resulting from the possibility that people out of the labour force report poor health to justify their non-participation (Anderson and Burkhauser, 1984, 1985; Stern 1989; Bound, 1991; Dwyer and Mitchell, 1999; Kreider, 1999) . The consequence of this justification is that when self-reported health is used in labour supply models, the health variable becomes endogenous and the effect of health on labour force participation can be overestimated. We refer to the endogeneity associated with self-reported health as justification endogeneity and the endogeneity associated with (unmeasurable) true health as true endogeneity.
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Both the justification endogeneity and true endogeneity result from simultaneity of health and labour force status. However, another source of endogeneity of health is possible, which results from unobserved heterogeneity. For example, there may exist some unobserved factors, such as preferences, that have effects on both health and labour supply. Therefore, we need to allow for the correlation between the health and labour supply equations in order to obtain efficient estimation results. Consequently, a true test of the exogeneity hypothesis on the health variable requires both the coefficient on the labour force status variable and the correlation between the two equations to be examined.
To account for the justification endogeneity associated with self-reported health, some authors have used more objectively measured health such as subsequent mortality (Parsons, 1982; Anderson and Burkhauser, 1984, 1985) or specific health conditions to instrument self-reported health (Bound, 1991; Bound et al., 1999; Dwyer and Mitchell, 1999; Campolieti, 2002) . However, an objective measure of health, even if available in a dataset, is not free of problems (Bound, 1991) 4 . The instrumental variable approach does not itself solve the problem of endogenous self-reported health (Bound, 1991; Kreider, 1999) .
Evidence on the justification hypothesis is not conclusive so far in the literature.
Studies that use objective health measures such as subsequent mortality tend to find a smaller effect of health than that estimated from using subjective health measures (Parsons, 1982; Anderson and Burkhauser, 1984, 1985) , suggesting that the justification endogeneity may exist. However, Bound (1991) shows that the smaller effect could be due to measurement error in objective health measures in the sense that these measures are not perfectly correlated with those aspects of health that affect labour supply. Using simultaneous equation models, Stern (1989) and Cai and Kalb (2006) do not find strong evidence supporting the justification hypothesis, neither do Dwyer and Mitchell (1999) find evidence for the hypothesis using an instrumental variable approach.
There is a small but growing literature that directly evaluates reporting biases of selfreported health measures; the evidence is again mixed. For example, while Bazzoli (1985) shows that the importance of self-reported health may be overstated in earlyretirement studies, Boaz and Muller (1990) find that the early retirees do not exaggerate their health problems to justify their retirement status. By benchmarking self-reported health of workers, Kreider (1999) finds that non-workers overstate their health problems. However, the underlying assumption in Kreider's study that workers provide an unbiased report on their health is questionable (Myers, 1982; Stern, 1989) .
For example, if subjective measures of health reflect leisure preferences, workers may down-play their health problems because they enjoy working (Dwyer and Mitchell, 1999; Benitez-Silva et al., 2004) . Benitez-Silva et al. (2004) use the definition of disability by the US Social Security Administration (SSA) as a social standard to assess potential biases of self-reported disability status in the Health and Retirement Survey (HRS). They find no evidence of reporting biases in the sense that disability benefit applicants in the HRS do not exaggerate their health problems, compared with the standards used by the SSA.
Statistical model and estimation strategy

The model
To explore the relationship between self-reported health and labour force status and test for the exogeneity of the health variable, the current paper employs a simultaneous equation model. The modelling strategies draw on Stern (1989) (Hsiao, 2003) . The covariance between , h t ε and , L t ε is specified as, 
where ( , , , ) are unobserved cut-off points to be estimated, and
Equations (4), (5), (7) and (8) (4) and (5), the cut-off points in equations (7), and the variance- 
Estimation method
Two methods are used to estimate the simultaneous equation system: the two-stage method, which is a partial information maximum likelihood method; and the fullinformation maximum likelihood (FIML) method. The former provides consistent parameter estimates, while the estimates from the latter method are also efficient. In addition, the FIML method provides estimates for all parameters in the variancecovariance matrix of the two disturbance terms (i.e., in equation (6)), which are required to conduct a true test for the exogeneity of the health variable.
Equations (4) and (5) can be rewritten in their reduced forms,
where x t is the set of all exogenous variables in x h,t and x L,t ; h π and L π are the reducedform coefficient parameters; 
Two-stage method
In the first stage, equations (9) and (10) (combined with (7) and (8)) can be estimated using random effect ordered probit and random effect probit respectively. The consistent estimates of h π and L π , denoted as ˆh π and ˆL π , can be used to construct predicted values of latent health and labour force status,
The second stage is to replace and in equations (4) and (5) Stern (1989) or Amemiya (1979) .
Although the two-stage method produces consistent estimates for the structural equation parameters, it is inefficient because the correlation between the two equations is not taken into account. In addition, a true test for the exogeneity of the health variable cannot be conducted by the two stage method because not all parameters in the variance-covariance matrix of the two disturbance terms are estimated. The FIML method overcomes these deficiencies.
FIML method
Although we illustrate the approach for four waves of data, which are used in the paper, the method can be readily extended to data with more than four waves.
Given the variance-covariance parameters in equation (6), the variance-covariance matrix of the error terms of the structural equations (4) and (5) is,
where I 4 is a four-dimensional identity matrix, and e 4 a column vector with four ones as its elements. Then the covariance matrix of the reduced-form error terms in equations (9) and (10) can be written as, . 1
Using the variance-covariance matrix in equation (14), the system can be estimated with the maximum likelihood estimator (MLE) by assuming a joint 
ε ε ε ε ε ε ε ε jointly follow a multivariate normal distribution and the probability of a given configuration of health-labour force states can be spelled out using the reduced-form error terms
ε ε ε ε ε ε ε ε .
For example, the probability of observing 
An evaluation of eight-dimensional integrals for observing each specific configuration of health-labour force states over the four time periods would be required if the conventional MLE were to be used. This renders such estimation infeasible.
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However, recently developed simulation-based estimation techniques provide a feasible approach to overcoming this problem (Stern, 1997; Lerman and Manski, 1981) .
Simulation-based estimation procedures replace functions (usually integrals), which are computationally intractable when using numerical or analytical methods, with random approximations for these functions. There are generally two approaches to simulation-based estimators: direct simulation of the likelihood function or indirect likelihood simulation by using an expression for the score of the likelihood (Hyslop, 1999) . In this paper we use the former approach, known as maximum simulated likelihood (MSL). 7 Following Hyslop (1999) , let the log-likelihood function for the unknown parameter vector θ , given the random sample of observations ( , 1,...,
6 See Hajivassiliou and Ruud (1994 , p. 2399 -2400 for an example of this. 7 See Hyslop (1999) and Stern (1997) for a discussion on advantages and disadvantages of different simulation estimators. The simulator used here is the smooth recursive conditional (SRC) simulator, or
Geweke-Hajivassiliou-Keane (GHK) simulator. This simulator is continuous in the parameters, strictly bounded by zero and one, unbiased and consistent in the number of replications R. 9 Although the GHK simulator is unbiased for the likelihood function, the resulting log (simulated) likelihood function will be biased with a finite number of replications due to the nonlinear logarithmic transformation. Therefore, the MSL estimator obtained will be inconsistent for finite R. However, MSL is consistent if the number of replications as the sample size , and is asymptotically efficient if Hajivassiliou and Ruud, 1994) .
In addition, we use antithetic acceleration in simulating the random draws. These simulators use the original set of uniform random draws along with their reflections or mirror images to estimate the likelihood function.
10 Antithetic acceleration is a powerful variance reduction method (Geweke, 1988) . Hajivassiliou (2000) presents
Monte-Carlo evidence suggesting that the antithetically accelerated simulator for multivariate normal rectangle probabilities is superior to the standard GHK simulator.
In this paper, 500 replications (that is, 250 random draws plus their reflections) are used in simulating the likelihood function. 8 The asymptotic theory developed for the simulation-based estimators requires that the same fixed values of the primitive random draws be used at each iteration of the estimation. 9 For a detailed discussion of the GHK simulator and its properties, see Hajivassiliou (1993) , Börsch-Supan and Hajivassiliou (1993) , Keane (1993 Keane ( , 1994 or Stern (1997) . 10 If z is a draw from the uniform distribution, z r = 1 -z is its reflection or mirror image.
Data and variables
The data used in this paper come from the first four waves of the Household, Income and Labour Dynamics in Australia (HILDA) Survey. Details of this survey are documented in Watson and Wooden (2002) . In the first wave, 7683 households representing 66 percent of all in-scope households were interviewed, generating a sample of 15,127 persons who were 15 years or older and eligible for interviews, of whom 13,969 were successfully interviewed. Subsequent interviews for later waves were conducted about one year apart. In addition to the data collected through personal interviews, each person completing a personal interview was also given a self-completion questionnaire to be returned on completion by mail or handed back to the interviewer at a subsequent visit to the household. Attrition is a common problem with longitudinal survey data. The HILDA attrition rates for waves 2, 3 and 4 were 13.2, 9.6 and 8.4 percent respectively, which is not much higher than other longitudinal surveys (Melbourne Institute of Applied Economic and Social Research,
The HILDA survey contains detailed information on each individual's labour market activity and history. Information relating to individual health was collected in both the personal interviews and self-completion questionnaires. In the personal interviews, individuals were asked whether they had a long-term condition, impairment or disability that restricted everyday activities and had lasted or was likely to last for six months or more. Specific examples of these long-term conditions were shown on a card, examples of which are limited use of fingers or arms, or problems with eyesight that could not be corrected with glasses or contact lenses.
In the self-completion questionnaire, the Short Form 36 health status questions (SF-36)
were asked. The SF-36 is a measure of general health and wellbeing, and produces scores for eight dimensions of health (Ware et al., 2000) . The first question in the SF-36 is the standard self-reported health status question, with five levels scaled from poor to excellent health. This self-reported health status is used as the discrete observed counterpart of the latent health stock in the model. A positive relationship between labour force participation and health status appears for both males and females from the simple tabulation. That is, the better the health, the more likely an individual is in the labour force.
11 The variables excluded from the health equation are indicators of whether an individual is aged 55 years or over and whether the person has young children. The presence of young children represents an obstacle to labour force participation, particular for women, because of childcare responsibility. The impact of young children is expected to depend on whether the person has a partner or not because partnered persons can share the responsibility of childcare. Therefore, the interaction between marital status and the presence of young children is included in the labour force participation equation. While many studies show that the presence of young children has adverse effects on labour supply, there is no evidence on the effects of young children on individuals' health. Therefore, the presence of young children variables should be valid instruments in the labour force participation equation. In Australia, people aged 55 years or over are allowed to withdraw from private pension funds, which may provide an incentive to retire earlier than the official retirement age.
However, this provision itself is unlikely to affect individuals' health. The variable aged 55 years or over should therefore not be included in the health equation, given that the impacts of ageing on health have been controlled for through the variables age and age squared.
The health risk variables Smoker, heavy drinker and lack of physical activities are included in the health equation only. There is no reason to believe that these variables would affect labour force participation directly rather than indirectly through health. Therefore these variables are legitimate instruments in the health equation.
12 To explain the difference in health status between individuals, it would be ideal to have some specific and objective health indicators as instruments in the health equation, such as symptoms, types and severity of disability or health conditions. Unfortunately, such detailed objective health measures are not available in the HILDA survey.
However, two summary indicators of health problems are available in the data and are included in the health equation. The first is the existence of long-term health conditions (health condition). This variable is included, although it is self-reported, following a suggestion by Bound, Schoenbaum and Waidmann (1995) that it is reasonable to treat self-reported chronic health conditions as exogenous. Bound, Schoenbaum and Waidmann (1996) argue that survey questions that are more specific 12 It has been argued that smoking and heavy drinking may reflect the rate of time preference (Barsky et al., 1997) , but there is no strong empirical evidence on this from the HILDA survey (Cai and Kalb, 2006) . and concrete should be less subjective and therefore less susceptible to the justification endogeneity problem. The variable health condition is used here in a similar way to Stern (1989) . The difference is that Stern (1989) indicating that there is no physical functioning limitation (see Ware et al., (2000) for the construction and interpretation of the index.)
For the variables included in both equations, some justification may be needed for the inclusion of these variables in the health equation, although they are commonly used variables in labour supply models. Age is included because it is often observed that health deteriorates with age (Kenkel, 1995) . Australian survey data show that the disability incidence rate increases with age (ABS, 1998) and the probability of entering the disability benefit program is higher among older people than among younger people (Cai and Gregory, 2003) . In other studies, it has been noticed that health and marital status are closely correlated (for example, see Wilson and Oswald (2005) and references therein). Education may improve health through increased health-related knowledge and is often found to be an important factor in health production (Grossman, 1999) . Occupation is a key indicator of socio-economic status (SES). In addition, occupation may serve to control for job quality in terms of health impacts. Finally, education, occupation, age and age squared are key factors in the determination of individuals' wages. Since wages are only observed for labour force participants and (potential) wages are likely to influence both health and labour supply, we include education, occupation, age and age squared as instruments for wage in both the health and labour force equations. The variable, capital city, is included because individuals living in capital cities may have better access to health services, although living in a capital city at the same time can be more stressful.
The impact of unemployment on health has been discussed frequently (Wilson and Walker, 1993; Jin, Shah and Svoboda, 1995; Mathers and Schofield, 1998) and is included in the model as well. The inclusion of an employment history variable can also be justified in theory although its expected effect is ambiguous. On the one hand, employment may put stress on individuals and bad work conditions may be harmful to health; but on the other hand, employment may make people happier and enhance self-confidence which could have a positive effect on health. In addition, wealth and income, which are important factors in health determination, depend to some extent on employment experience. Family income and wealth depend at least partly on the spouse's employment. In addition, the spouse's participation in the labour force may reduce pressure on the individual by reducing the consequences arising from the risk of unemployment. Therefore, the spouse's labour force participation could also have an impact on an individual's health status. Two income variables, the individual's own non-labour income and the spouse's income (if married), are included to control for the impacts of non-labour income on labour supply and health. (4) and (5) become linear (probability) models and they can be estimated using generalised method of moment (GMM) to obtain the overidentification test statistics (Baum, Schaffer and Stillman, 2003) . The second panel in Table 3 reports the test results from the GMM estimation. 
Estimation results
Validity of exclusion restrictions
Estimates for the endogenous variables
The coefficient estimates for the explanatory variables from the two estimation methods are not directly comparable since the estimated variances of the error terms are different between the two methods. For ease of comparison we standardize the coefficient estimates by dividing each of the coefficients by the square root of the estimated variance of the corresponding error term. Table 4 , it appears that the results from the two methods are similar not only in terms of statistical significance, but also in terms of the direction and the order of magnitude of the estimated effects.
14 Because the relationship between health and labour force status is the focus of the paper, here we only discuss the results on the two endogenous variables. It would be enough to say that there are no surprising estimation results for other explanatory variables because, as shown in Table 4 , all significant variables appear to have the expected sign.
First, for both males and females, a positive and significant effect of health on labour force participation is found independent of the estimation method. This confirms the common finding in the literature that better health increases the probability of labour force participation. Due to the non-linearity of the model, the coefficient estimate does not represent a marginal effect and the effect of health will be assessed in a later subsection. Literately the standardized coefficients indicate that a one unit increase in latent health increases the latent value of participation by about 40 percentage points for males and 10 percentage points for females.
14 The results from the first-stage estimation are reported in Tables A2 and A3 in the Appendix. As for the reverse effect of labour force status on health, a negative estimate is obtained for males from both estimation methods, but with different accuracy. While the estimate from the FIML method is strongly significant, the one from the two-stage method is insignificant. This inconsistency may be because the variation of the predicted latent value of labour force participation used in the two-stage method is small due to the fact that about 90 percent of males are in the labour force, while in the FIML method there is no predicted value involved. For females, the estimate is positive from both methods, with the one from the FIML method being weakly significant and the one from the two-stage method being significant at the 5 percent significance level.
The model specification in Section 3 shows that the coefficient on the labour force status variable is derived from the combined effects of the true endogeneity and justification endogeneity. While the impact direction of the true endogeneity is ambiguous, the justification hypothesis predicts that labour force status should have a positive effect on self-reported health. Therefore, the negative estimate for the labour force status variable of males suggests that for males justification endogeneity of selfreported health, if it does exist, must be small and outweighed by the negative effects resulting from the true endogeneity.
However, the results for females suggest that justification endogeneity might have occurred. This is a surprising result because females are normally under less pressure socially than males to attribute non-participation to poor health. For example, using data from the National Survey of Families and Households and from the Survey of Income and Program Participation, Ettner (1997) finds that among women selfreported measures of health are not affected by employment status. That is, justification endogeneity of self-reported health is unlikely to occur among women.
Therefore, the positive sign for females may not due to justification, rather it may be due to self-selection into labour force status and the selection of jobs by women. That is, those women who choose to be in the labour force are in good health and they are in jobs that are less likely to harm their health.
Test for exogeneity of health
With the FIML estimation results, we can conduct a true test on the exogeneity hypothesis of the health variable. If self-reported health were exogenous to labour force participation, the coefficient on the labour force status variable ( Kalb (2006), who use only the first wave of the HILDA.
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The estimates for the variances of the time invariant error components in both equations are strongly significant and very large in magnitude from both estimation methods, suggesting that controlling for unobserved heterogeneity should have improved estimation efficiency.
Assessing the effect of health
Given the nature of the model, it is impossible to calculate the marginal effects of health. To get a flavour of the effect of health on labour force participation, we predict the probabilities of participation conditional on five ranges of latent health using the estimated parameters from the FIML method. The five ranges of latent health are defined by the estimates for the cut-off points in the health equation and correspond to the five health categories. These results are reported in Table 5 .
The first data column in Table 5 shows the predicted conditional probabilities of participation averaged across individuals in the sample, the second and third data columns present changes in the probabilities due to health changes. For example, the results in the second data column indicate that a change from fair to poor health on average reduces the probability of participation by 2 percentage points for males and 3.5 percentage points for females. A change from excellent to poor health reduces the probability of participation by about 7 and 13 percentage points for males and females respectively. The effect of health appears to be nonlinear. From the table, changes in health at the lower end of health status seem to have a larger effect on the probability of participation than a change at the upper end. The effect of health on labour force participation is clearly larger for females than for males. 
Conclusion
The paper used a panel data simultaneous equation model to examine the relationship between health and labour force participation. The two-stage and full information maximum likelihood estimation methods were used to estimate the model. Using the HILDA data, we confirmed the common finding in the literature that health had a positive and significant effect on labour force participation for both males and females.
However, the reverse effect from labour force status to health was found to be different between males and females. For males a negative and strongly significant reverse effect was found, while for females the effect was positive and weakly significant. The negative reverse effect for males suggests that the commonly held view that those men who are out of the labour force may overstate their health problems to justify their non-participation might not be true. On the other hand, the positive effect for females may not result from justification, rather it may be due to how women self-select themselves into the labour force and how they choose jobs.
The negative reverse effect of labour force participation on health for males, together with the insignificant estimates for the correlation of the unobserved heterogeneity in the health and labour force participation equations, implies that treating health as an exogenous variable could lead to an underestimation of the effect of health on labour force participation for males. But for females the potential bias arising from using health as an exogenous variable could not be determined from the data. The results also suggested that there were efficiency gains in using panel data, because the variances of the unobserved heterogeneity terms in both the health and labour force equations were found strongly significant and very large in magnitude. In summary, the simultaneous equation model estimated in this paper provided more insights into the relationship between health and labour force status than a single equation model could and the estimates are also more efficient due to better controlling for unobserved heterogeneity using panel data. s.e.
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